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Fish meal is a very important feed ingredient for fishand poultry. Fish meal is a high-quality proteinsource having essential amino acid contents closeto those required by fish. The increasing demand
for and decreasing production of fish meal, however, make
it necessary to consider alternative, inexpensive protein
sources, such as meat and bone meal, blood meal, soybean
meal, poultry by-products, dried brewers yeast, feather
meal, and corn gluten meal, as feed ingredients (MFC,
1995; NRC, 1993; Pongmaneerat et al., 1993). Soybean
meal, blood meal, and red blood cells are by-products of
agribusiness which have been used as a substitute to fish
meal in fish feed and other animal feeds (Fowler and
Banks, 1976; Dabrowska and Wojno, 1977; Viola et al.,
1981; Asgard and Austreng, 1986; Webster et al., 1992;
Pongmaneerat et al., 1993; Luzier and Summerfelt, 1995).
Soybeans, which contain about 44% protein on dry
basis, are a high-quality protein source for feed. Soybean
protein is less expensive and contains less polluting
phosphorus than fish meal. However, one of the problems
of using soybean meal for feed, especially for fish feed, is
the limiting essential amino acid methionine. Fish meal
contains a higher level of methionine than any other source
of protein. Another problem is that raw soybeans contain
globulins which act as trypsin inhibitors. Nevertheless, the
trypsin inhibitors can be inactivated by thermal processing
(Liener and Kakade, 1980). Excessive heating, however,
reduces the availability of certain amino acids, especially
lysine (Ham and Sandstedt, 1944).
Blood is a by-product of the meat packing industry. Blood
meal, dehydrated blood, is valuable because of its high
protein content and high digestibility. Blood meal, however,
is a very expensive feed ingredient, more expensive than fish
meal because of its drying cost. Red blood cells, obtained by
removing the plasma from whole blood, are another high-
quality protein source for feed. Luzier and Summerfelt (1995)
used spray-dried red blood cells to partly substitute for fish
meal; their mixtures gave higher weight gains in juvenile
rainbow trout in 5.7 and 11.4% blood replacement diets and
lower weight gain in the 22.7% blood replacement diet, but
no significant difference was found in fish growth among the
three levels of replacement.
Because of the high drying costs of blood meal, some
researchers have developed low cost processing methods.
Grain by-products have been used as a moisture carrier for
liquid blood; these by-products have been bran, rice husks,
wheat middlings, corn meal, and soybean meal (Mann,
1984; Divakaran et al., 1988; Fajvisevskij and Lisina,
1993; Martins and Guzman, 1994).
Dry feed ingredients are preferred for handling because
they are subjected to less contamination and lower
transportation costs. Usually the moisture contents of feed
ingredients are less than 12% (w.b.) for safe storage
(Beauchat, 1981). To control the nutritional loss during
dehydration, blood could be mixed with soybean meal to
form a semi-moist mixture and then dried by oven-drying
or extrusion.
The authors have not found any study in which red blood
cells were mixed with soybean meal or other dry materials to
form a feed ingredient. Nor have they found a study in
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which blood was added directly to the extruder feeder. In the
authors’ study, soybean meal was milled to reduce particle
size, mixed with liquid blood and red blood cells, and then
processed by oven-drying or extrusion. The objectives of
this research were to process whole blood and red blood
cells with soybean meal and to evaluate the effects of the
processing parameters on the nutritive value and microbial
activity of these ingredients. These alternative processing
methods could decrease drying costs for blood as well as
nutrient losses, making available a feed ingredient with
considerable potential to substitute for fish meal.
MATERIALS AND METHODS
MATERIALS
Commercial soybean meal (44% protein, SBM) was
purchased from Waterloo Mills Company, Waterloo, Iowa.
To reduce the particle size of the soybean meal, a Model D
Fitz Mill (Comminuting Machine, The W. J. Fitzpatrick
Co., Chicago, Ill.) with 40- and 60-mesh screens was used
to produce 40SBM (soybean meal ground through a 40-
mesh screen) and 60SBM (soybean meal ground through a
60-mesh screen). Fresh pork whole blood (WB) was
collected randomly from hogs slaughtered in the Meat Lab
at Iowa State University, Ames, Iowa. An anticoagulant,
sodium citrate (0.2% w/v), was immediately added to the
blood and the stabilized blood was frozen at –18°C. Frozen
pork red blood cells (RBC) were obtained from the
American Meat Protein Corporation (AMPC), Ames, Iowa,
and were kept frozen at –18°C. The frozen blood and red
cells were thawed at 3°C for 48 h before use.
ANALYSIS
Proximate analyses of the soybean meal and blood were
conducted according to AACC (1983) methods 08-03, 30-
25, 44-15A, 46-11A (N×6.25), and 46-24. Moisture content
of the liquid blood was determined by the AOAC method
16.032 (1984a). Particle size distribution of soybean meal
was analyzed using the ASAE standard S319 (ASAE,
1993). Protein dispersibility index (PDI) of soybean meal
was determined using the AACC method 46-24. Water
activity of the samples was measured using a water activity
meter Aqua Lab CX-2 (Decagon Devices, Inc., Pullman,
Wash.) following the manufacturer’s operation instructions
at room temperature (24 ±2°C). Amino acid profiles were
analyzed by CN Laboratories Inc., Courtland, Minn., using
performic acid oxidation (true cystine and methionine
values) and 6 N HCl hydrolysis (true tyrosine value). All
samples were run in duplicate.
SAMPLE PREPARATION
Samples were mixed in small-scale and large-scale. The
samples consisted of the soybean meal and whole blood or
soybean meal and red blood cells. For small-scale mixing,
the samples (500 g) were mixed using a KitchenAid
Portable mixer (St. Joseph, Mich.) equipped with a flat
beater. Small-scale treatments included two blood products
(whole blood and red blood cells) and three levels of blood
added. The ratios of SBM:WB and SBM:RBC were: 95:5,
90:10, and 85:15 on dry basis (d.b.). Soybean meal was
weighed in the bowl, and the WB or RBC was slowly
added during mixing. SBM, 40SBM, and 60SBM were
mixed with WB and RBC until small agglomerates started
to form (about 5 min); the ratios are listed in table 1. For
large-scale mixing, two samples were prepared of 40 kg
each and were mixed separately using a ribbon mixer
(Model B2224-1, Rapids Machinery Co., Marion, Iowa).
The wet ratio of 40SBM to RBC and WB were 100:50 and
100:48 (85:15 and 91:9 dry basis), respectively. 40SBM
was first put in the mixer, and then the RBC or WB was
pumped into the mixer during blending and mixed for
about 20 min. All mixtures were placed into plastic bags
and stored in a refrigerator (3°C) for 24 h before
dehydration or extrusion process. To increase the level of
blood in the mixture, additional blood was pumped to the
extruder mixing zone during extrusion. 
DEHYDRATION
Oven Drying. A digitally controlled, Thelco laboratory
oven (Model 160DM, Precision Scientific, Inc., Chicago,
Ill.), was used in this study. The small-scale samples were
divided into two parts (250 g each), one part of the samples
was dehydrated at temperatures of 50, 70, 90, and 110°C
for 2 h and tested for moisture content and microbiological
analysis, and the other part of the samples was dehydrated
for 24 h at the temperatures of 50, 70, 90, and 110°C and
tested for protein digestibility.
Extrusion. Small-scale mixtures of blood and soybean
meal were run in a Brabender single-screw extruder
(PL 2000, C.W. Brabender Instruments Inc., So.
Hackensack, N.J.) at eight combinations of the extruder
barrel’s three zone temperature profile (mixing, metering,
and die zone: 40-50-60°C, 50-60-70°C, 60-70-80°C,
70-80-90°C, 80-90-100°C, 90-100-110°C, 100-110-120°C,
and 110-120-130°C). The extruder’s screw compression
ratio was 3:1; screw length/diameter, 20:1; die diameter,
3.175 mm (1/8 in.); and screw rotation, 70 rpm. To prevent
clogging in the extruder barrel, the low moisture mixture
(5% RBC) was preconditioned to 25% moisture (wet basis,
w.b.) by adding distilled water into the mixer. All samples
were stored 24 h at 3°C after mixing and tempered for 2 h
at room temperature before extrusion. The samples were
extruded randomly within a given temperature profile. The
extrudates were stored in sealed plastic bags at 5, 24, and
37°C for microbiological assay.
692 TRANSACTIONS OF THE ASAE
Table 1. Characteristics of the mixtures of soybean meal, whole blood,
and red blood cells
Wet Dry Mixture
Ratio Ratio Moisture aw Protein
Mixture (w/w) (w/w) (%, w.b.) (24°C) (%, d.b.)
Small-scale SBM:WB 100:30 95:5 21.7 0.866 50.0
SBM:WB 100:48 90:10 32.7 0.966 51.5
SBM:WB 100:75 85:15 40.5 0.973 55.3
SBM:RBC 100:20 95:5 20.4 0.805 51.2
SBM:RBC 100:34 90:10 25.0 0.866 54.2
SBM:RBC 100:50 85:15 28.0 0.918 56.2
40SBM:RBC 100:50 85:15 28.5 0.912 56.2
60SBM:RBC 100:80 80:20 34.7 0.920 60.9
Large-scale 40SBM:RBC 100:50 85:15 28.5 0.914 56.2
40SBM:WB 100:48 91:9 33.0 0.918 51.5
SBM: Soybean meal
40SBM: Ground soybean meal through 40-mesh screen
60SBM: Ground soybean meal through 60-mesh screen
WB: Whole blood
RBC: Red blood cells.
Large-scale samples were run in an Insta-Pro® single-
screw extruder (Model 600 JR, Des Moines, Iowa)
equipped with 0.31 inch diameter die. The extruder screw
configuration is shown in figure 1. Two samples (25 kg
each) were preconditioned with blood components,
40SBM:RBC (100:50 w/w) and 40SBM:WB (100:48
w/w), for the Insta-Pro single-screw extruder experiment.
The extruder operated at 550 rpm and was prewarmed to
about 80°C by processing whole soybeans. During the
sample extrusion, the die temperature of the extruder
increased from 80 to 138°C. In this experiment, the
extruder barrel temperature was controlled at 135 ±10°C by
directly pumping blood component into the extruder feeder.
The extruder barrel temperatures were monitored with a
data acquisition system hooked to the barrel sections
thermocouples. The retention time was 13 ±2 s with an
average feeding rate of 2.64 kg/min. The blood was
pumped in the feeding section of the extruder barrel at a
rate of 0.13 kg/min. The extrudates were tested for protein
digestibility and microbiological analysis.
IN VITRO TEST — PROTEIN DIGESTIBILITY
The in vitro digestibility tests followed the methods of
Mertz et al (1984) and Bookwalter et al. (1987) with slight
modifications. Samples dried at room temperature (24
±2°C) were used as controls. The controls, oven-dried
samples, and the Brabender and Insta-Pro extrudates were
ground with a coffee grinder (REGAL Ware, Inc.,
Kewaskum, Wis.). The ground samples were passed
through a 0.4-mm screen. About 200 mg of ground sample
was dispersed in 35.0 mL of 0.1 M phosphate buffer (pH
2.0) containing 1.5 mg pepsin/mL (Sigma P-7000 pepsin,
Sigma Chemical Co.). The mixture was incubated at 37°C
in a waterbath with continuous shaking for 2 h and then
centrifuged at 5,000 g for 20 min. The sediment was
washed with a 15 mL 0.1 M phosphate buffer (pH 7.0),
filtered, and repeatedly washed on Whatman No. 3 filter
paper in a Buchner funnel. The filter paper containing the
undigested protein residue was folded and placed in a
digestion tube. The nitrogen content was determined by the
AACC Method 46-11A (1983). Percent pepsin protein
digestibility was calculated with the following formula:
where N was the nitrogen percent. Every test was repeated
twice.
MICROBIOLOGICAL ASSAY
Because pork blood and red blood cells provide ideal
environments for microbiological growth, the processed
mixtures were checked for the presence of microorganisms.
Total aerobic plate count, coliform bacteria, yeast and
molds were determined by the AOAC Methods (1984b).
Results reported were the mean values of duplications. The
mixtures were also tested for presence/absence of
Salmonella (AOAC 1984b). 
The mixtures of soybean meal and red blood
cells/whole blood were also tested for mold growth at
different storage temperatures. The processed mixtures
were put into plastic bags and stored at three different
temperatures (5°C, room temperature 24 ±2°C, and 38°C).
Mold growth was monitored daily for two months by
visually examining for the presence of mold on the
surfaces of the samples.
STATISTIC ANALYSIS
A general linear model of the Statistical Analysis
System (SAS, 1988) was used for the data analysis.
Fisher’s Least Significant Difference (LSD) procedure was
used to compare means at the 5% significance level.
RESULTS AND DISCUSSION
RAW MATERIAL
The particle size of feed ingredients is an important
quality factor of final feed products. Small particles would
be bound more firmly during pelleting. In this study, the
particle size of the mixtures depended on the particle size
of the SBM. The geometric mean diameter of the SBM
decreased from 0.657 mm to 0.331 and 0.220 mm after
milling through 40- and 60-mesh screens, respectively. The
protein dispersibility index (PDI) affects the protein
digestibility. The PDI were 33.4, 34.0, and 35.3% for the
SBM, 40SBM, and 60SBM, respectively. Thus, the PDI
increased significantly (p<0.05) as the soybean meal
decreased in particle size.
Table 2 lists the proximate analysis for the SBM, WB,
and RBC. At high ratios of WB and RBC, mixing was
difficult because of the high moisture content. The
mixtures of SBM:WB with 10 and 15% WB (d.b.) formed
a sticky paste that prevented the mixer from working well
at the small-scale. The mixtures of 5% RBC and 5% WB
(d.b.) were relatively dry and easy to mix. The protein
content of SBM:RBC mixture was higher than that of
SBM:WB due to the lower moisture content of RBC.
The particle size of the SBM affected the amount of
blood absorbed in the blend. The smaller particle size
soybean meal has more surface area, and thus, absorbed
% protein digestibility =
 
total sample N – residue N
total sample N
 × 100 (1)
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Figure 1–Screw configuration of the Insta Pro single-screw extruder
(Model 600 JR).
Table 2. Proximate analysis of soybean meal, whole blood,
and red blood cells*
SBM WB RBC
Moisture (% w.b.) 11.9 82.7 71.1
Protein (%, d.b.) 48.8 93.6 98.3
Lipid (%, d.b.) 0.82 0.50 0.30
Ash (%, d.b.) 6.8 5.2 4.2
* Data are the mean values of duplicates.
SBM: soybean meal.
WB: whole blood.
RBC: red blood cells.
more blood without agglomerating than the SBM with
larger particles. The 60SBM absorbed more blood than
SBM and 40SBM because of more surface area in 60SBM.
Due to the larger amount of water present in the blood, the
mixtures of SBM with WB had higher moisture contents
and water activities than did those of SBM with RBC
(table 1).
IN VITRO TEST — PROTEIN DIGESTIBILITY
Oven Drying. The moisture contents of all SBM:RBC
mixtures were less than 12% (w.b.) after 1 h of drying at
50, 70, 90, and 110°C. The moisture contents of the 10%
(d.b.) RBC mixtures were below 5% (w.b.) after 4 h of
drying at 50°C. The mixtures of 10 and 15% (d.b.) WB
needed 4 h at 50°C and 2 h at 70°C to decrease the
moisture to less than 12% (w.b.). The mixtures at higher
moisture and drying at higher temperatures had faster
constant drying rates than did the lower moisture mixtures
at lower temperatures. The mixtures of 5% WB, 5% RBC,
and 10% (d.b.) RBC had a granule appearance similar to
SBM after drying. The mixtures with high moisture
contents tended to stick together. The greater the initial
moisture, the more difficult to separate the dry materials.
Nutritional loss often occurs with thermal treatment
because proteins react with reducing sugars in the presence
of water through nonenzymatic browning reactions
(Maillard reactions); thus, processing temperature is a
major factor in Maillard reactions. A previous study
showed that the rate of Maillard reaction increased four
times for every 10°C increase in processing temperature
(Dworschak, 1980). Moisture content is another important
factor in Maillard reactions. The Maillard reactions have
maximum reaction rates at water activity about 0.7
(Labuza et al., 1970; Jokinen and Reineccius, 1976).
Figure 2 shows that at temperatures above 70°C, protein
digestibility decreased significantly (p<0.05) for all
mixtures. The removal of moisture at lower temperatures
decreased the reaction rate of the Maillard reactions and
prevented losses in protein digestibility. The mixtures that
dehydrated at higher temperatures (≥90°C) tended to lose
more protein digestibility.
Extrusion. In the small-scale extrusion experiments, the
moisture contents of the extrudates were between 20 to
35% (w.b.). Two methods were used to decrease moisture
content below 12% (w.b.): 24 h drying at room temperature
(24 ±2°C) and 2 h at 70°C. The characteristics of the
Brabender extruded samples are shown in table 3. The post
drying process at 70°C did not significantly affect protein
digestibility. There were no significant differences (p<0.05)
between room temperature drying (24 ±2°C) and oven
drying at 70°C.
The retention time of the sample in the extruder was
affected by the flow abilities of the materials picked up by
the screw. The mixture of 60SBM:RBC had a moisture
content of 34.7% (w.b.) and the longest retention time of
179 s, thus, the sample cooked longer. The retention time
negatively correlated with protein digestibility. 
For the large-scale extrusion, the initial 40SBM:RBC
and 40SBM:WB mixtures received additional amounts of
RBC and WB, respectively. WB and RBC were pumped
into the feeder during the Insta-Pro® extrusion. The
intention was to increase the level of blood in the mixtures
subsequently increasing protein content in the mixtures.
The initial moisture contents of 40SBM:RBC and
40SBM:WB mixtures were 27.6 and 29.8% (w.b.). After
additional blood was injected to the mixture in extruder
feeder, the moisture content increased to about 40% (w.b.),
thus, the ratios of mixture 40SBM:RBC and 40SBM:WB
were 82:18 and 89:11 (d.b.), respectively. The extrudates
exited the die at high velocity because high steam pressure
was formed at the extruder die as the blood injected
mixtures were extruded. The relationship of protein
digestibility of the extrudates with the extruder die
temperature is shown in figure 3. The protein digestibility
of the 40SBM:RBC mixture decreased with die
temperature of the extruder.
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Figure 2–Effect of drying temperature on the protein digestibility of
24 h oven-dried mixtures of (A) SBM:WB and (B) SBM:RBC.
Table 3. Characteristics of the small-scale extrudates made
from soybean meal and red blood cells
SBM:RBC 40SBM:RBC 60SBM:RBC
(90:10 d.b.) (85:15 d.b.) (80:20 d.b.)
Initial moisture content
(%, w.b.) 24.0 28.5 34.7
Extrudate moisture content
(%, w.b.) 18.2 21.5 26.4
Protein content (%, d.b.) 54.2 56.2 60.9
Retention time (s) 64 150 179
Control protein digestibility
(%) 80.1a 82.3a 83.4a
Protein digestibility
(%, d.b., dried 24 h at
room temp.) 83.0b 73.6b 76.6b
Protein digestibility
(%, d.b., dried 2 h at
70°C) 84.1b 75.5b 75.4b
Means with same superscript letters in same column are not significant
different at 0.05 level. 
SBM: soybean meal.
40SBM and 60 SBM: ground soybean meal through 40- and 60-mesh
screen.
RBC: red blood cells.
MICROBIOLOGICAL RESULTS
The oven-dried and extruded mixtures of SBM and
WB/RBC were examined for total aerobic plate count,
coliform bacteria, yeast and molds, and the
presence/absence of Salmonella (table 4). Salmonella was
not detected in any of the processed mixtures. The coliform
and yeast and molds counts were very low; and, thus,
acceptable according to Mayou and Moberg (1992). The
highest total aerobic plate count was 700/g for the 50°C
oven-dried mixture; however, this number was still in the
normal range of total aerobic plate count 102 to 104 /g for
cereal products (Mayou and Mogerg, 1992). The oven-
drying and extruder processing used in this study produced
microbiologically safe feed ingredients.
The rate of mold growth on the mixture surface depended
on the processing temperature, water activity (aw), and
storage temperature. For the unprocessed SBM and
WB/RBC mixtures, water activity (aw) is important to feed
storage stability. When the aw was 0.8 or less, the mixtures
were stable at room temperature (24 ±2°C) for 26 d and
more than 2 months at 5°C, and only 1 or 2 d at 38°C. If wet
mixtures were used directly as feed ingredients,
preservatives must be added to increase the feed ingredient
shelf life when the feed moisture is above 15% (w.b.).
Preservatives, such as formic acid, propionic acid, or
formaldehyde, could dramatically increase the wet feed
storage stability time (Smith et al., 1978; Steckley et al.,
1979; Droppo et al., 1985). The oven-dried mixtures were
stable for more than 2 months at room temperature when the
processing temperature was more than 100°C and the final
moisture content was below 12% (w.b.).
The mixtures extruded using a single-screw extruder
(Brabender and Insta-Pro®) were observed daily for mold
growth. There was no mold growth in 2 months for the
extrudates extruded at the die temperature of 110°C and
post dried at room temperature (moisture less than 12%).
Mold grew between 5 to 10 d for extrudates processed at
die temperatures of 60 to 100°C without drying. After air
drying, these extrudates were stable for more than
2 months. Post drying at room temperature up to 70°C is
recommended for safe storage.
NUTRITIONAL EVALUATION
Mixing SBM with WB or RBC increased the protein
content and the protein quality. Table 5 lists the amino acid
profiles of selected samples. RBC is rich in lysine, but low
in isoleucine and methionine. SBM is rich in isoleucine and
low in lysine and methionine. Mixing SBM and WB/RBC
improved the balance of essential amino acids. The amino
acid profiles of the mixtures of SBM:RBC were similar.
The amino acid levels were not significantly different
(p<0.05) among the mixtures of SBM:RBC.
In table 6, the amino acid profile of the 10% RBC
mixture was compared with selected fish meals. The
differences between the 10% RBC mixture and the fish
meals are also shown. Different fish meals do not have the
same quality and the same amino acid profiles (table 6), for
example, catfish by-products have the lowest methionine
content (2.13 g/100 g protein, d.b.) among the fish meals.
For most amino acids, the 10% RBC mixture had better
values than those of the fish meals. The 10% RBC lacked
isoleucine, lysine, methionine, and threonine, and
especially lysine and methionine. Fish require higher level
of methionine in their diets. If this mixture is used for fish
feed, lysine and methionine must be added to the diets to
meet the nutritional requirements of fish.
In this study, the most promising blend was
40SBM:RBC (85:15 d.b.). The mixture contained a higher
level of red blood cells and was easy to handle. For further
study, a higher protein soybean meal (i.e., 48% protein)
could be used in the mixture of 40SBM:RBC. However,
the final acceptability of the mixture needs to be
determined through animal growth experiments.
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Figure 3–Effect of the extruder die temperature on the protein
digestibility of 40SBM:RBC of large-scale extrusion (Insta-Pro®).





Oven-dried SBM:Blood (2 h) Post- Post- Die Die
dry dry T T
Microorganism 50°C 70°C 90°C 110°C 24°C 70°C 110°C 138°C
Total aerobic plate count 700 245 275 35 10 < 10 145 < 10
Coliform 3 3 3 < 3 < 3 < 3 < 3 < 3
Yeast and molds 20 20 < 10 < 10 < 10 < 10 < 10 < 10
Salmonella Neg* Neg Neg Neg Neg Neg Neg Neg
Neg*: negative results.
SBM: soybean meal.
Table 5. Amino acid profiles of SBM, RBC, and SBM:RBC mixtures 




SBM RBC (110°C, bender, Pro,
Amino Acid (d.b.) (d.b.) 24 h) 120°C) 120°C)
Arginine 8.28 4.00 6.81 6.68 6.44
Cystine 1.54 0.61 1.22 1.21 1.07
Histidine 3.02 7.54 3.81 4.03 4.00
Isoleucine 5.10 0.64 4.11 3.82 3.70
Leucine 8.69 13.11 9.36 9.35 9.35
Lysine 6.61 7.99 6.41 7.07 6.66
Methionine 1.63 0.75 1.42 1.30 1.26
Phenylalanine 5.73 6.28 5.83 5.54 5.48
Threonine 4.30 2.94 3.91 3.77 3.68
Tryptophan 1.43 1.59 1.42 1.40 1.37
Tyrosine 4.29 2.18 3.86 3.61 3.50
Valine 5.33 8.65 5.82 6.01 5.96
* Data were means of three replications with standard deviation
(SD) less than 0.06. 
SBM: soybean meal.
RBC: red blood cells.
CONCLUSIONS
Mixtures of SBM with animal blood present a
potentially wide availability of high-quality protein feed
ingredients. Oven drying the medium wet mixtures at 70°C
could be an inexpensive processing method; however,
when drying at temperatures less than 110°C, the chances
for microbial contamination increased. Extrusion
technology is an efficient method to process mixtures of
blood and SBM and produce microbiologically safe feed
ingredients. The suggested barrel temperature profile of the
Brabender single-screw extruder should be 100 to 110 to
120°C for the feeding, metering, and die zone, respectively.
The suggested die temperature of the Insta-Pro® single-
screw extruder should be 138°C. Agglomeration problems
in the blend might require additional grinding to allow well
mixing with other ingredients. Protein digestibility changed
with the moisture content of the initial material and
processing temperature. 
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